Mixtures prepared either by mechanical grinding or by evaporation of equimolar amounts of 3,5-dimethylpyrazole (1) and five carboxylic acids, four benzoic acids (2-5) and a pyrazole-4-carboxylic acid (6), were studied by 13 C and 15 N CPMAS NMR spectroscopy. In the cases corresponding to 1 and 2,4,6-trimethylbenzoic acid (2) or 1 and 2,6-dimethylbenzoic acid (3) the spectrum of the mixture is different from those of its components and we interpret them in terms of co-crystals formation through donor-acceptor hydrogen bonds. The remaining pairs behave as physical mixtures of both components, the spectrum of the mixture being the sum of the individual spectra. The origin of the differences is the much higher acidity of o,o-disubstituted benzoic acids.
Introduction
The use of hydrogen bonding (HB) as a structural steering force can be considered as the most important strategy in crystal engineering. 
. This structure confers to 1 the ability to transfer, in a concerted manner, the three N-H protons along the hydrogen bond (a phenomenon we named SSPT, solid-state proton transfer). Our present interest concerns the structure of the derivatives that result from mixing 3,5-dimethylpyrazole (1) with other double hydrogen bonding compounds (HBD and HBA). Recently, we have proved 5 that in the case of imidazoles [HBD, the N(1)-H and HBA, the -N(3)= sites] only the 4,5-dimethylimidazole was able to disrupt the trimer 1 3 formed by 3,5-dimethylpyrazole in the solid state. As a continuation of our work concerning the determination of the X-ray molecular structure of 3,5-dimethylpyrazole (1)-2,4,6-trimethylbenzoic acid (2) cocrystal, 6 in the present paper we report a study concerning carboxylic acids (HBD, the O-H and HBA, the O= sites). This complex crystallizes forming a tetramer 1 2 2 2 ( Figure 2 ) and, although a quadruple proton transfer is possible, such SSPT was not observed by solid-state 15 N NMR. The hydrogenbonded network, as determined by crystallography, shows an additional O-H·O-H bond that breaks the symmetry. The chemical shifts of the nitrogen atoms of the 1 moiety appears at -181.7 (NH) and -115.3 ppm (-N=) while in trimer 1 3 they appear at -171.3 and -96.8, 7 this difference was attributed to the replacement of N-H·N by N-H·O=C hydrogen bonds. It is important to note that no proton transfer has occurred, that is, that the tetramer is not a pyrazolium benzoate salt. When searching within the Cambridge Structural Database (November 2003 version) only another paper concerning this problem can be found. In this publication, 8 also from our group, the crystal and molecular structures formed by 1,1'-binaphthyl-2,2'-dicarboxylic acid (BNDA) with 3,5-dimethylpyrazole (1) and pyrazole (7) are described. The most significant result is that the structure depends on the stoichiometry, when it is 1:1, the resulting structure is a salt and when it is 1:2, a neutral complex is obtained both for 1 and for 7. This result proves that the neither the acidity of the acid nor the basicity of the pyrazole alone determines the structure (salt or complex) of the resulting mixture.
Results and Discussion
When trying to prepare equimolar mixtures of 3,5-dimethylpyrazole (1) with the five carboxylic acids (2-6) depicted in Figure 3 , three main questions arise:
1. Is the new compound a molecular complex or a salt (pyrazolium carboxylate)? 2. If the compound is a neutral complex, does the SSPT occur? 3. Is the stoichiometry of the complex a 1:1 or a higher one (for instance, 2:2)? Table 1 , while in Table 2 the data of 3,5-dimethylpyrazole (1) are reported. For eventual occurrence of proton transfer, we have measured the anion of 3 (Table 1 ) and the cation of 1 (Table 2 , for an NMR study of the protonation of pyrazoles 11 ). This allowed to determine the following most important chemical shift effects: (6) is of particular relevance because pyrazole-4-carboxylic acid (8) also shows SSPT although by a different mechanism. 12 The data reported in Table 1 , namely the asymmetry of the positions 3 and 5, seems to indicate that a similar phenomenon occurs in 6. The [1 + 2] mixture (1:1), actually 1 2 2 2 , was studied again. In 15 N CPMAS NMR (40.60
MHz) we obtain a signal at -182.8 ppm (-181.7, N-H [6] ) and two signals at -116.8 and -113. None of these structures explain the observed chemical shifts for 1 2 3 2 . Therefore, we tentatively propose a rapid equilibrium (SSPT) between two identical d structures, d1 and d2 (Figure 8 ). Although the observed asymmetry at the (2 & 6) and (3 & 5) positions of the benzoic acids might be the result of many different sorts of crystalline environments, we cannot find any alternative explanation for the 15 N chemical shifts. Unfortunately, the [1 + 3] mixture is a viscous oil that solidifies on standing after several weeks but not in a crystalline form, preventing to determine its structure by X-ray crystallography. The reason why both 2,4,6-trimethylbenzoic acid (2) and 2,6-dimethylbenzoic acid (3) destroy the 3,5-dimethylpyrazole trimer 1 3 to form new supramolecular structures while the other carboxylic acids 4-6 did not is almost certainly related to the much higher acidities of the first two. Here are the experimental pK a s of some benzoic acids 13 : benzoic acid 4.19, pmethoxybenzoic acid (4) 4.47, p-chlorobenzoic acid (5) 3.98, 2,4,6-trimethylbenzoic acid (2) 3.45 and 2,6-dimethylbenzoic acid (3) 3.35, p-nitrobenzoic acid 3.44. We predict that pnitrobenzoic acid would behave similarly to 2 and 3 when mixed with 1.
